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Comment on the  Bio logica l  E f fec t s  of 

Cosmic Rays f roiz Nearby Supernova& 

H. Laster  
Universi ty  of Maryland 

1 Terry and Tucker have just specula ted  t h a t  cosmic r a d i a t i o n  from 

exploding supernovae could have caused t h e  e x t i n c t i o n  of many animals on 

Earth i n  geologic  t imes .  They give a n  e s t ima te  t h a t  over a per iod  of 6 x 10 

yea r s  animals on t h e  Earth would have been exposed t o  a dose of 25,000 roent-  

gens ( a r r i v i n g  i n  a few days or l e s s )  a t  l e a s t  once, 1,000 roentgens a t  l e a s t  

4 t imes ,  e t c .  Such bu r s t s  of r a d i a t i o n  could caase tbe  e x t i n c t i o n  of many 

exposed animals without  sirnaltaneously ex t inga i sh ing  p l a n t  l i f e ,  

8 

The above c a l c u l a t i o n s  depend s e n s i t i v e l y  on a major assumption, 

"Since d i f f u s i o n  e f f e c t s  can be neglected f o r  r e l a t i v i s t i c  p a r t i c l e s  t r a v e l i n g  

o ~ e r  comparatively s h o r t  i n t e r s t e l l a r  d i s t a n c e s ,  such a s  a r e  of i n t e r e s t  he re ,  

t h e  r e l evan t  t ime i n t e r v a l  i s  t h a t  f o r  t h e  r e l e a s e  of t h e  energy I n  t h e  form 

of cosmic r ays  o s o  e Therefore ,  i t  i s  s a f e  t o  say t h a t  t he  dose D i s  re- 

ceived over a per iod  o f ,  a t  most, a few days." 

This  assilmption c o n f l i c t s  s e r i o u s l y  wi th  most cu r ren t  t h e o r i e s  of 

cosmic ray  propagat ion w i t h i n  t h e  galaxy These t h e o r i e s  desc r ibe  cosmic 

ray p a r t i c l e s  a s  e i t h e r  d i f f u s i n g  through t h e  i n t e r s t e l l a r  medium o r  a s  

moving along g a l a c t i c  magnetic f i e l d  l i n e s  s o  twis ted  as  t o  prodace the  re -  

markable degree of Isotropy expe r imen ta l i s t s  observe,  I n  e i t h e r  case ,  t h e  - 

t y p i c a l  d i s t a n c e  f o r  s t r a i g h t  l i n e  propagat ion of cosmic ray p a r t i c l e s  from 

t h e i r  source i s  taken t o  be approximately 3 l i g h t  y e a r s .  A s  a r e s u l t ,  cos- 

mic rays  reaching the  e a r t h  even from t h e  r e l a t i v e l y  nearby supernovae Terry 
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and Tucker ~ e f e r  t o  wokld t r a v e l  t o r t u o u s  parhs  en rou te .  Lnstead of 

a r r i v i n g  i n  one sudden b m s t  concentrated i n  a few days o r  l e s s ,  t h e i r  rad ia-  

t i o n  wodd  be spread over  y e a r s ,  The b i o l o g i c a l  e f f e c t  descr ibed  t h e r e f o r e  

would be apprec iab ly  sma l l e r ,  and probably n e g l i g i b l e  

To i l l u s t r a t e  t h i s  w e  can cons ider  the  one supernota explosion i n  

8 6 x 10 y e a r s  Terry and Tucker descr ibe  which produces t h e  l a r g e s t  dose,  

25,000 roentgens.  I f  t h i s  is due t o  a supernova which r e l e a s e s  10 e r g s  

i n  t h e  form of cosmic r ays ,  a s  they assume, i t  i s  approximately 10 l i g h t  

y e a r s  away. Cosmic rays  d i f f u s i n g  t o  t h e  e a r t h  would pass  throagh b e t t e r  

50 

2 than  3 mean f r e e  pa ths  en rou te .  Standard d i f fus i .on  model c a l c u l a t i o n s  whow 

t.hat they would t ake  approximately 40 yea r s  on the  average t o  a r r i v e .  The 

peak rad ia t . ion  would be spread over a per iod o f  seve ra l  yea r s  r a t h e r  t.han 

s e v e r a l  days.  

S imi l a r ly ,  Terry and Fwker  desc r ibe  more d i . s t an t  superno'vae which 

might. occur once every 1 .5  x 10 years  and produce doses of 1,000 roentgens.  

These supernovae would average 50 l i g h t  yea r s  dis t .ance,  t h e i r  cosmic r ays  

would a r r i v e  a t  t he  e a r t h  1,000 years  a f t e r i a r d s ,  wi th  the  peak ra.diat.ion 

spread over hundreds of yea r s .  More d i s t a n t  supernovae would spread t h e i r  

doses  over appreciably longer  i .nterva1s I thereby reducing fkr ther :  t h e i r  bio- 

l o g i c a l  ef f ee  t 

8 

The above numbers a r e  based on a d i f h s i o n  model f o r  cosmic r ay  

propagat ion wi th  mean f r e e  pa ths  of about 3 l i g h t  y e a r s .  Other models wouid 

d i f f e r  i n  d e t a i l  bLt would share  the  c h a r a c t e r i s t i c  of lengthening appre-  

c i a b l y  t h e  per iod  during which the t o t a l  r a d i a t i o n  descr ibed woLld impinge 

on animals .  

Even i f  supernovae a r e  ass-med t o  r e l e a s e  the  f a r  l a r g e r  amount 

51 of cosmic ray energys 10 e r g s ,  which Terry and Tucker r e f e r  t o ,  t h e  bio-  

l o g i c a l  e f f e c t s  would be appreciably reduced f o r  a l l  ba t  t he  very c l o s e s t  



- 3 -  

. 

, 

(and r a r e s t )  supernovae. Thus doses of 10,000 roentgens might occur once 

every 150 m i l l i o n  y e a r s ,  bu t  each such dose would be spread over hundreds 

of yea r s  and t h e r e f o r e  produce much l e s s  damage t o  animal 1i.fe tl?an i s  

assumed e 

Physi.ci .sts  long have observed t h a t  non-solar  cosmic rays a r r i v e  

a t  t h e  e a r t h  s t e a d i l y  from a l l  d i r e c t i o n s .  This  s p a t i a l  ana time i so t ropy  

probably i s  due t o  t h e  to r t aous  paths cosmic rays fol luw i n  t r a v e r s i n g  the  

i n t e r s t e l l a r  medium. The same c h a r a c t e r i s t i c s  of g a l a c t i c  space which pro- 

duce t h i s  non-1.i.near motion would serve  t o  spread apprec iab ly  i n  t.i.me t h e  

r a d i a t i o n  dose produced 'by a nearby supernova. 

s e v e r a l  l igh t .  yea r s  of the  e a r t h  would r e s u l t  i n  t he  c a t a s t r o p h i c  e f f e c t s  

suggested by Terry and Tucker. Si.nce very few stars of any kind a r e  t h a t  

close t o  us, nearby supernovae such as they r equ i r e  would be very  r a r e  in-  

deed 

Only a n  e,xplosion w i t h i n  
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I n  t h i s  ca se  R=10 l igh t  y e a r s , A = 3  l i g h t  yea r s ,  an3 v i s  t h e  


